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Abstract 
Based on the cDNA sequences from hyper variable (HV) regions of identified 52 S-alleles in Oriental pear cultivars, 
S-RNase cDNA probes were designed, and a cDNA microarray for S-RNase detections was established. Each microarray 
contained 240 sites from 55 cDNA probes, including all specific cDNA sequences from the HV regions of the S-alleles. 
Using the cDNA of pistils of tested pear cultivars as template and Cy3 fluorescently labeling primers by PCR 
amplification, microarray hybridization detected the S-genotype of each pear cultivar. The genotypes inferred from the 
cDNA microarray hybridization signals of pear cultivars such as ‘Lijiang Huangsuanli’, ‘Xiuyu’, ‘Midu Yuli’, ‘Baimianli’, 
and ‘Deshengxiang’ were similar to the known genotypes of all tested cultivars. The S-RNase cDNA microarrays and the 
oligonucleotide gene chips were then used to conduct parallel testing of 24 P. pyrifolia cultivars with unknown 
S-genotypes. In conclusion, the construction of cDNA microarrays has further improved the pear S-RNase detection 
platform. 
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1. Introduction 
Pears (Pyrus) are typical gametophytic plants that show 
self-incompatibility, which is controlled by multiple alleles of a 
single S-locus. The gene product of the pear S-locus has been 
identified in the pear style as a glycoprotein S nuclease with 
ribonuclease activity (S-RNase), which specifically controls the 
pollen-pistil recognition process (Ishimizu et al., 1996; Zhang 
et al., 2001, 2002). Identification of pear S-genotypes can both 
facilitate pear cultivation and lay the foundation for the genetic 
improvement of pear varieties. Currently, the S-genotype  
identification methods for pear varieties include field hybridi- 
zation experiments, Polymerase Chain Reaction–Restriction 
Fragment Length Polymorphism (PCR-RFLP), DNA sequence- 
ing and subsequent sequence analysis, cDNA cloning, pollen 
tube growth assays, protein electrophoresis, and gene micro- 
array hybridization (Jiang et al., 2014). These techniques have 
been used to identify 52 and 53 S-alleles in Asian pears (P. 
pyrifolia) and European pears (P. communis), respectively, as 
well as the S-genotypes of some pear cultivars (all of these 
S-allele sequences are available in GenBank). PCR-RFLP and 
S-allele DNA sequence analyses are widely used for the 
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accurate and rapid S-genotype identification of pears with few 
alleles such as the Japanese Asian pear cultivars, which have 
less than 10 alleles, or for cultivars with relatively low levels of 
genetic diversity. However, pear diversity is very high among 
Asian pear cultivars from China. There are nearly 2 000 pear 
cultivars (Zhang et al., 2007, 2009a, 2009b; Deng et al., 2010; 
Wang et al., 2010), of which more than one-third are P. pyrifolia 
cultivars. The local varieties and wild populations exhibit 
significantly high S-allele diversity.  
Gene microarray technology is significantly faster and may 
be conducted in parallel. In our previous study (Tan et al., 2007; 
Jiang et al., 2008, 2014), the S-RNase oligonucleotide 
microarray was created from the identified S-allele sequence 
and was used to successfully identify the S-alleles of 27 Chinese 
pear cultivars. By combining PCR-RFLP and DNA sequence 
analysis methods, six new P. pyrifolia S-alleles were identified 
(S47 –S52, with GenBank Accession Numbers KP867051, 
KP890691, KP890692, KP902676, KP902677, and KP998819, 
respectively; Jiang et al., 2014). However, genomic DNA was 
hybridized to the oligonucleotide microarray. Polymorphic 
intronic sequences may have resulted in distinct hybridization 
signals when microarray probes were located within introns. 
This would have caused the assignment of different S-alleles to 
these samples despite identical S-allele amino acid sequences, 
which would have blocked pollination via the gametophytic 
self-incompatibility mechanism. In the present study, an 
improved pear S-RNase cDNA microarray was established to 
avoid such a situation. This cDNA microarray and the 
oligonucleotide gene chips can be used for parallel detection of 
the S-alleles of the same pear cultivars, and the accuracy and 
reliability of identifying pear cultivars S-genotypes using 
S-RNase gene chip can be ensured through comparative analysis 
of the hybridization results. 
2. Materials and methods 
2.1. Plant materials 
All 24 P. pyrifolia cultivars with unknown S-genotype and 
24 pear cultivars with known S-genotypes are propagated in 
Wuhan Sand Pear Garden of the National Fruit Tree Germplasm 
Resources, Institute of Fruit and Tea, Hubei Academy of 
Agricultural Sciences (Wuhan, China). 
Fresh young shoots (five to six young leaves) of the 24 
pear cultivars with unknown S-genotypes were collected on 
April 2013, kept fresh in an ice box, and transported to the 
laboratory. The tender leaves were then cryopreserved at–80 ℃. 
Bell-stage flower branches of the 24 pear cultivars with 
known S-genotypes, which were used in the quality control  
tests for the microarray chips and probe preparations, and 24  
P. pyrifolia cultivars with unknown S-genotype were collected in 
the late March 2013. These were immersed in water and 
transported to the laboratory. The pistils were cryopreserved at 
–80 ℃. 
The primers were synthesized by The Beijing Genomics 
Institute, and DNA sequencing was performed by Biosun 
Biotechnology Co., Ltd (Shanghai, China). 
2.2. Total RNA extraction and cDNA synthesis of pistils 
of different pear cultivars 
Total RNA was extracted from the pistils of different pear 
cultivars using a MiniBEST Plant RNA extraction kit (TaKaRa, 
Otsu, Japan). Then, 2 μL of RNA was run on a 1.5% agarose gel 
via electrophoresis as a quality check. A Beckman DU-640 
nucleic acid-protein analyzer (Brea, CA, USA) was used to 
determine the sample concentration. The RNA samples with 
OD260/OD280 values between 1.8 and 2.0 with clear 28S and 18S 
electrophoretic bands, the former of which was required to be 
twice as bright as the latter, were selected for use in the 
experiment and stored at–80 ℃. 
A RevertAidTM First Strand cDNA Synthesis Kit (Thermo 
Fisher Scientific, Carlsbad, CA, USA) was used for reverse 
transcription of these samples to obtain cDNA fragments, which 
were then used for S-allele-specific cDNA fragment PCR 
amplification and PCR microarray probe preparation. 
2.3. Genomic DNA extraction and S-allele-specific 
fragment PCR amplification 
Genome DNA was extracted from young leaves of 24  
P. pyrifolia cultivars with unknown S-genotypes using a DNA 
extraction kit (BIOER, Hangzhou, China). All the DNA samples 
were subjected to quality checking, concentration determination, 
and S-RNase DNA-specific fragment PCR, and the amplified 
products were fluorescently labeled with Cy3 (Jiang et al., 
2014). 
2.4. S-allele cDNA probe preparation and cDNA- 
specific fragment amplification 
The hyper variable (HV) region is a highly polymorphic 
S-RNase recognition site. The cDNA sequences at the HV 
regions of different S-genotypes are very specific. PCR 
amplification of the HV region was conducted using the forward 
primer, PF: 5′-TTTACGCAGCAATATCAG-3′ (Ishimizu et al., 
1999) and reverse primer, PR: 5′-ACRTTYGGCCAAATA 
RTT-3′ (Zhang, 2008) without Cy3 labeling, ExTaq DNA 
polymerase, and cDNA from the pistils of the pear cultivars 
with known S-genotypes as templates. The reaction procedures 
were as follows: 94 ℃ for 2 min for initial denaturation; 
followed by 15 cycles of 94 ℃ for 30 s for denaturation, 50 ℃ 
for 30 s for annealing, and 70 ℃ for 2 min for extension; and 
then 25 cycles of 94 ℃ for 30 s for denaturation, 50 ℃ for 30 
s for annealing, and 70 ℃ for 2 min 30 s for extension; and a 
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final extension at 70 ℃ for 7 min. After verification using 
1.5% agarose gel electrophoresis, the ideal PCR products were 
recovered using a purification kit (Omega Corporation) and 
used for TA cloning. The positive clones were sequenced. The 
stable clones with the correct S-RNase DNA sequences were 
selected, and the plasmids from these clones were purified. 
Using these plasmids as templates, PF/R amplifications were 
again performed to obtain the S-RNase HV region-specific 
cDNA probes. After purification and determination of 
concentrations, the products were stored at–20 ℃, and the 
plasmids were stored at–80 ℃.  
Cy3-modified primers PF/R were used for specific amplify- 
cation of the HV region from the cDNA of pear cultivars with 
unknown S-genotypes and from control pear cultivars with 
known S-genotypes such as Lijiang Huansuanli (S22 S42), Xiuyu 
(S4S5), Midu Yuli (S12S19), Baimianli (S15S19), and Deshengxiang 
(S3S29). After verification using 1.5% agarose gel electrophoresis, 
the ideal PCR products were recovered and purified, their con- 
centrations were determined, and then were stored at –20 ℃. 
2.5. S-RNase cDNA microarray preparation and 
hybridization 
Based on the concentration of the S-RNase cDNA-specific 
probe, 100% DMSO was added to a final concentration of 300 
ng · μL-1. A microarray spotter was used to apply probe samples 
to aminosilane-coated slides (normal slides after APTES 
treatment) according to the designed array format. After sample 
application, the slides were dried at room temperature for 
approximately 30 min. An UV Crosslinker was used to crosslink 
the probes onto the aminosilane-coated slides under UV-light 
irradiation, with a total energy of 350 mJ. The slides were 
placed in an oven at 80 ℃ for 1 h and stored in a cassette. The 
prepared microarray contained 55 specific probes based on 52 
identified S-alleles sequences of Asian pears in GenBank and 
published reports. The probe positions in the designed array are 
described in Fig. 1. The probes were spotted on an array of 15 
rows (No. 1 to 15) × 16 columns (A to P). In the Fig. 1, the PpSn, 
PbSn, PsSn, PuSn, and PcSn represented the S-RNases identified 
in P. pyrifolia Nakai, P. bretschneideri Rehd., P. sinkiangensis 
Yü, P. ussuriensis Maxim., and part of P. communis L., 
respectively, and submitted to GenBank. Actin was used as the 
reference gene and amplified using the forward primer, F: 
5′-TGGTGTCATGGTTGGTATGG-3′, and reverse primer, R: 
5′-CAGGAGCAACACGAAGTTCA-3′ (Zhang et al., 2014) 
with Cy3 labeling. The size of the amplified product was 173 bp 
and was used as positive control. The human hypertension gene, 
HRG, was used as a negative control, and 50% DMSO solution 
was used as blank control.  
The prepared microarrays were denatured in a 95 ℃ 
water bath for 3 min, quickly immersed in cold anhydrous 
ethanol, and dried by centrifugation using a slide spinner. The 
fluorescently labeled cDNA products from the HV region of the 
S-RNase of different pear cultivars and the Actin PCR product 
were adjusted to a final concentration of 200 ng · μL and mixed 
with equal volumes. The mixed PCR products were then 
supplemented with the hybridization solution and sterile water 
at equal volumes, denatured in a 95 ℃ water bath for 5 min, 
quickly cooled on ice, and set to room temperature for 3 to 5 
min. The appropriate amount of the solution was applied to the 
microarray slide, and the slide was placed in a hybridization box, 
which was then incubated at 42 ℃ in a water bath. Appro- 
ximately 30 μL of a 3× SSC solution was added for hybridization 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  S-RNase gene cDNA probe location of the cDNA microarray
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for 8 to 10 h in the dark. After hybridization, the sample slides 
were washed in 2× SSC + 0.1% sodium dodecyl sulfate (SDS), 
0.1× SSC + 0.1%SDS, and 0.1× SSC solutions sequentially for 
3 min each in the dark. The slides were then rinsed with distilled 
water for 2 to 3 times for less than 10 s every time and dried by 
centrifugation. An AXON-4100A microarray scanner was used 
for signal detection using a Cy3 light source (580 nm). GenePix 
analysis software was used to analyze the Cy3 fluorescence 
intensities of the hybrid lattice. The signal strength of the probes 
was calculated as the mean value after subtracting the 
background value. Based on the qualities of the hybridization 
signals, the hybridization reactions were repeated 1 to 2 times 
for the different pear cultivars.  
2.6. S-RNase oligonucleotide gene chips for parallel 
detection of different pear cultivars with unknown 
S-genotype  
Based on the newly discovered S47–S52 sequences, the 
S-RNase specific oligonucleotide probes were designed and 
were supplemented to the oligonucleotide microarray between 
S46 and 5′ PF1 in sequence of S47−S52 (Jiang et al., 2008, 2014). 
In addition, respectively corresponding to the probes on cDNA 
microarray, the oligonucleotide probes of PbS12, PsS28, PpS32, 
PpS34, PsS35, PpS37, PpS38, PpS39, and PbS43, including 
mismatch probes, were supplemented to the oligonucleotide 
microarray sequentially. The probe positions in the redesigned 
oligonucleotide chip are described in Fig. 2. The chip contained 
20 × 18 sites. The oligonucleotide probe coding method 
corresponded to the cDNA probes in the cDNA array.  
Detection of S-alleles of unknown S-genotypes pear 
cultivars using oligonucleotide chip was performed as described 
elsewhere (Jiang et al., 2014). 
2.7. S-allele identification in sand pear 
The cDNA microarray of different pear cultivars showed 
inconsistent results with those hybridized with the oligo- 
nucleotide microarray. The PF/R-specific DNA samples were 
recovered, purified, TA cloned, and sequenced. The sequencing 
results, including base sequences and its derived amino acid 
sequence, were analyzed, and the S-genotypes of P. pyrifolia 
were determined. 
3. Results 
3.1. Preparation of S-RNase-specific cDNA probes and 
specific fragment PCR amplification 
The cDNA fragments amplified using the PF/R primer pair 
from pear cultivars contained the HV region without introns. 
Although the length of the PF/R-specific DNA sequences varied, 
the cDNAs were consistently around 200 bp after the removal of 
introns. The bands of the PF/R-amplified cDNA products from 
the 24 P. pyrifolia cultivars with unknown genotypes and the 24 
pear cultivars with known S-genotypes (Table 1) were all 
distinct and uniform in length (Fig. 3). After PF/R amplification, 
purification, and recovery, the HV region-specific cDNA probes 
from the identified S1–S52 were all approximately 200 bp, with 
concentrations above 380 ng · μL. The HV regions of the 
S-alleles showed distinct differences at the nucleotide and amino 
acid sequence levels such as S12−S13, S38−S39, and S43 in  
P. pyrifolia and P. bretschneideri cultivars, S28 and S35 in  
P. bretschneideri and P. sinkiangensis, and S32 and S37 in  
P. pyrifolia and P. ussuriensis. The cDNA probes were prepared 
from the corresponding gene sequences. Based on the S-RNase 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2  S-RNase gene oligonucleotide probe location of oligonucleotide chip 
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Table 1  Pear cultivars with known and unknown S-genotypes 
Code Source S genotype Cultivar Probe prepared 
1 Yunnan Lijiang S22S42 Lijiang Huangsuanli (Control 1) PbS22, PbS42 
2 S1S6 Huangmili（Imamuranatsu） PpS1, PpS6 
3 S2S4 Wasenijisseiki PpS2, PpS4 
4 S3S9 Niitaka PpS3, PpS9 
5 
Japan 
S4S5 Xiuyu (Control 2) PpS5 
6 Wuhan, Hubei S7S17 Annong 1 PpS7, PbS17 
7 Luotian, Hubei S8S49 Luotian Dongli PpS8, PpS49 
8 Midu, Yunnan S12S19 Midu Yuli (Control 3) PpS12 
9 Huili, Sichuan S12S26 Hongpisu PbS12 
10 Zhenghe, Fujian S13S43 Zhenghe Daxueli PpS13, PpS43 
11 Jinjiang, Fujjian S13S34 Eli PbS13 
12 Zhenba, Shaanxi S15S19 Baimianli (Control 4) PpS15, PbS19 
13 Xingcheng, Liaoning S16S19 Jumi PpS16 
14 Hangzhou, Zhejiang S18S34 Hanghong PbS18 
15 Zhengzhou, Henan S21S26 Hongxiangsu PbS21, PbS26 
16 Yiwu, Zhejiang S15S27 Zaosanhua PbS27 
17 Xingshan, Hubei S29S52 Xingshan 19 PbS29, PpS52 
18 Zhengzhou, Henan S4S35 Zhongli 1 PbS35 
19 Lijiang, Yunnan S36S37 Suomeili PpS37 
20 Huiyang, Guangzhou S46S47 Huiyang Hongli PpS46 
21 S47S48 Xingshan 20 PpS47, PpS48 
22 
Xingshan, Hubei 
S1S50 Xingshan 26 PpS50 
23 Hanyuan, Sichuan S1S51 Liyuan Mazili PpS51 
24 Sichuan S3S29 Deshengxiang (Control 5)  
25 Hanyuan, Sichuan Unknown Hanyuan Xuehuali  
26 Japan  Gold Nijisseiki  
27 Huili, Sichuan  Huili Xiaohuangli  
28  Xingshan 17  
29  Xingshan 18  
30  Xingshan 21   
31  Xingshan 22  
32  Xingshan 23  
33  Xingshan 25  
34  Xingshan 28  
35  Xingshan 32  
36 
Xingshan, Hubei 
 Xingshan 40  
37 Luotian, Hubei  Luotian Duanbingli  
38 Lijiang, Yunnan  Xionggu Dongli  
39 Taiwan, China  Taiwan Chihua  
40  Baixue  
41 
Wuhan, Hubei 
 Huangpixiang  
42  Duoduohua  
43  Longtuanli  
44 
Yuan’an, Hubei 
 Shilixiang  
45 Huiyang, Guangdong  Xihuahongli  
46 Fengkai, Guangdong  Xinghua Dayinli  
47 Jinning, Yunnan  Xiba Qingshuili  
48 Kunming, Yunnan  Wenshan Hongli  
Note: Codes 1–24 are known S-genotype cultivars; codes 1, 5, 8, 12, and 24 represent the control and others are unknown S-genotype cultivars. 
 
sequences obtained from GenBank, the PpS16, PbS16, and PpS31 
sequences were determined to be identical. These were the same 
S-alleles, accordingly, and only PpS16 was used for probe design. 
The sequences of PpS12 and PpS36 were identical (Heng et al., 
2007, 2008), and there were two base differences in the introns 
between PpS15 and PpS38. The coding region was identical, and 
only PpS12 and PpS15 was used in probe design. The uncertain or 
incomplete S-allele sequences were excluded from the probe 
design such as S11, S14, S23, S24, and S33. For alleles PpS10, PbS20, 
PcS25, PbS28, PsS28, PbS30, PbS31, PpS32, PuS32, PpS34, PsS35, 
PuS37, PbS38, PpS39, PbS39, PuS40, PuS41, PbS43, PpS44, and 
PbS45, because pear cultivars corresponding to these S-genotypes 
were not collected, the specific cDNA sequences of the HV 
regions were synthesized by BGI Tech based on sequence data 
obtained from GenBank. The sequences were cloned and 
sequenced in the laboratories and were used as microarray 
probes. A total of 55 specific cDNA probes were finally selected 
for use in the preparation of the cDNA microarray.
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Fig. 3  cDNA PCR products of known S-genotypes (1–24) and unknown S-genotype pear cultivars (25–48) after separation via agarose gel electrophoresis 
The accession codes 1–48 are the same as those shown in Table 1. 
 
The DNA-specific fragments encompassing the S-RNase 
HV region were amplified by the Cy3-labeled PF/R primer pair 
from 24 P. pyrifolia cultivars with unknown S-genotype, and 
perfect Cy3-labelled specific PCR products of each cultivars 
were obtained. The length of the PF/R-specific DNA sequences 
ranged from 340 bp to 1 500 bp. The amplified products, 
including the double bands from the P. pyrifolia cultivars of 
Gold Nijisseiki (code 26), Huili Xiaohuangli (code 27), 
Xingshan 23 (code 32), Xingshan 28 (code 34), Xingshan 32 
(code 35), Xingshan 40 (code 36), and Shilixiang (code 44) and 
the single band from the others were purified and each 
recovered in a tube each for detection by microarray 
hybridization. The purified products were analyzed by agarose 
gel electrophoresis (Fig. 4). 
3.2. Results of S-genotype identification of P. pyrifolia 
cultivars based on cDNA microarray and parallel 
oligonucleotide chip detection 
Fig. 5 shows the cDNA microarray hybridization results 
using Cy3-fluorescent-labeled cDNA-specific amplifying 
products generated from the control pear cultivars such as 
Lijiang Huangsuanli, Xiuyu, Midu Yuli, Baimianli, and 
Deshengxiang, using one cultivar per array. By comparing the 
probe positions shown in Fig. 1 with the hybridization signals in 
Fig. 5, the S-genotypes of the control pear cultivars were 
identified as Lijiang Huangsuanli S22 S42, Xiuyu S4S5, Midu Yuli 
S12S19, Baimianli S15S19, and Deshengxiang S3S29. The cDNA
 
 
 
 
 
 
 
 
 
Fig. 4  Purified DNA PCR products of unknown S-genotype pear cultivars after agarose gel electrophoresis 
 
The accession codes 25–48 are the same as those shown in Table 1. 
 
 
 
 
 
 
 
Fig. 5  The scanning results of known S-genotypes pear cultivars hybridized with the cDNA microarray
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microarray hybridization signals of S-RNases in these cultivars 
were in perfect agreement with the oligonucleotide chip 
hybridization signals (Jiang et al., 2014). These results obtained 
by comparisons with known S-genotypes of various cultivars 
indicate that cDNA microarray-based identification of 
S-genotypes from unknown cultivars is feasible.  
Cy3-fluorescently labeled cDNA-specific amplifying pro- 
ducts and Cy3-fluorescently labeled DNA-specific amplification 
products of 24 P. pyrifolia cultivars with unknown S-genotypes 
were respectively hybridized to the cDNA microarray and 
oligonucleotide chips in the dark using one cultivar per array. 
Each hybridization was performed twice. The hybridization 
results are shown in Fig. 6 and Fig. 7. Based on the probe 
positions in the microarray and the hybridization signals, 15 of 
the 24 pear cultivars tested by cDNA microarray, including 
Huili Xiaohuangli (code 27), had two S-RNase probe signals, 
including the known S-alleles such as PpS1, PpS2, PpS3, PpS4, 
PpS5, PpS13, PpS15, PpS16, PbS17, PbS18, PbS19, PbS21, PbS22, 
PbS26, PbS29, PpS37, PpS39, PbS42, PpS48, PpS52. Seven pear 
cultivars, including Xingshan 17 (code 28), Xingshan 21 (code 
30), Hanyuan Xuehuali (code 25), Xingshan 32 (code 35), 
Luotian Duanbingli (code 37), Baixue (code 40), and Longtuanli 
(code 43), had only one S-RNase probe signal, namely, PbS17, 
PpS37, PpS16, PpS52, PbS29, PpS4, PpS3, respectively. The pear 
cultivars Xingshan 28 (code 34) and Xingshan 40 (code 36) 
showed no hybridization signals. The scanning results of the 24 
P. pyrifolia cultivars hybridized with oligonucleotides 
microarrays were consistent with the results hybridized with 
cDNA microarray, except for Xingshan 18 (code 29) and 
Xinghua Dayinli (code 46), which showed probe signals for 
PbS18, PpS39 and PpS13, PpS48 respectively, as tested by cDNA 
microarray, but no hybridization signals using oligonucleotide 
chips. 
3.3. Identification of S-RNase in P. pyrifolia cultivars 
with inconsistent hybridized signals 
    The S-RNase cDNA microarray and oligonucleotide chips 
were used to detect in parallel the S-genotypes of 24 P. pyrifolia 
cultivars, of which 2 cultivars, namely, Xingshan 18 and 
Xinghua Dayinli, showed conflicting scanning signals. The 
S-allele DNA-PF/R-specific amplified fragments of the two 
cultivars, as indicated by single bands shown in Fig. 4, were 
purified, TA cloned, and sequenced. The sequencing results 
clearly showed that both Xingshan 18 (code 29) and Xinghua 
Dayinli (code 46) contained two S-RNase sequences, with length 
of 1 422 bp/1 426 bp and 349 bp/362 bp, respecttively. GenBank
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6  The scanning results of unknown S-genotype pear cultivars hybridized with the cDNA microarray 
The accession codes 25–48 are the same as those shown in Table 1. No S-RNase probe signal showed in microarray 34 and 36. 
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Fig. 7  The scanning results of unknown S-genotype pear cultivars hybridized with the oligonucleotides microarray 
The accession codes 25–48 are the same as those shown in Table 1. No S-RNase probe signal showed in microarray 29，34，36 and 46. 
 
 
BLAST search and sequence alignment showed a maximum 
similarity of 99% between the 1 422 bp fragment and the PbS18 
PF/R1 specific sequence. The intron had the length of 1 219 bp, 
2 bases less than that of the PbS18 intron and 3 nucleotide less 
relative to that of the PbS18 sequence, of which 2 mutated sites 
were included in the PbS18 oligonucleotides probe. However, the 
coding region and the amino acid sequence were identical. 
Because S18 was only detected in P. × bretschneider, the new 
S-RNase of 1 422 bp in length detected in the P. pyrifolia 
Xingshan 18 was named PpS18 (P. pyrifolia S18). The 1 426 bp 
sequence exhibited 99% similarity with the S-allele of PpS39, 
showing the same coding and amino acid sequences, 1 base 
longer than PpS39 intron, and 13 nucleotides less than the intron. 
The PF/R-specific DNA-amplified fragments of 349 bp and 362 
bp, obtained from Xinghua Dayinli, had an intron with 3 and 2 
nucleotide differences compared to PpS13 and PpS48 
PF/R1-specific sequence, respectively, but an identical amino 
acid sequence. According to P. pyrifolia S5a nomenclature 
(Zhang et al., 2008), the S-RNase with a 1 426 bp PF/PR-specific 
sequence was named PpS39a, the 349 bp sequence was 
designated PpS13a and the 362 bp sequence was identified as 
PpS48a. Accordingly, the Xingshan 18 genotype was identified as 
PpS18PpS39a, and Xinghua Dayinli PpS13aPpS48a. Combined with 
the microarray results, the S-genotypes detected in parallel by 
S-RNase microarray of the 24 P. pyrifolia cultivars (codes 25–48) 
with unknown S-genotype were identified and are shown in 
Table 2. 
Table 2  S-genotypes of pear cultivars 
Code S-genotype Code S-genotype Code S-genotype 
25 PpS16SX 33 PbS17PpS37 41 PpS4PpS5 
26 PpS2PpS4 34 SXSX 42 PpS1PpS16 
27 PbS19PbS29 35 PpS52SX 43 PpS3SX 
28 PbS17SX 36 SXSX 44 PpS15PpS52 
29 PpS18PpS39a 37 PbS29SX 45 PpS3PpS5 
30 PpS37SX 38 PbS21PbS22 46 PpS13aPpS48a
31 PbS29PpS52 39 PpS4PpS52 47 PbS26PbS29 
32 PbS19PbS42 40 PpS4SX 48 PpS3PpS16 
4. Discussion 
In the present study, an S-RNase cDNA microarray was 
created based on 47 previously identified, complete S-allele 
sequences from Asian pears. The quality of the arrays was 
verified by hybridization using pear cultivars with known 
S-genotypes. The array scanning results showed a clear 
background, and the hybridization signal from the array with a 
similar strength to that of the positive control (Actin) matched 
the S-genotypes of the corresponding pear cultivars. 
Additionally, the negative control showed no hybridization. 
These findings were indicative of the sufficiency in probe 
specificities; the probes were successfully fixed on the slide and 
efficiently hybridized to the target sequences. The cDNA 
microarray could be used to detect the S-genotypes in different 
pear cultivars. Simultaneously, the original S-RNase oligonucle- 
otide chip probes were enriched with new probes, and the 
oligonucleotide microarray structure was further improved. The 
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S-RNase cDNA microarray and the oligonucleotide microarray 
were used to identify the S-genotypes of 24 cultivars in parallel, 
and the probe signals of the cultivars with identified S-RNases 
were identical in both S-RNase chip hybridizations. Previous 
studies (Jiang et al., 2014) have shown that S-RNase 
oligonucleotide microarrays can accurately detect the identified 
S-RNase in pear cultivars. Moreover, the S-RNase cDNA 
microarray and oligonucleotide microarray generated 
concordant results that hybridized with the same variety, thereby 
indicating the accuracy of the cDNA microarray. Parallel 
detection using both microarrays can directly, rapidly, and 
accurately identify the S-genotypes of pear cultivars. 
Regarding the microarray technology, there are two key 
steps, the preparation of the microarray and the analysis of the 
hybridization dynamics (Lipshutz et al., 1999). The combination 
of PCR amplification and cloning methods is commonly used to 
prepare cDNA probes. In the present study, the cDNA probes 
were based on the HV region of the S-RNase. Compared to the 
known S-alleles from pear cultivars and the S-alleles reported in 
the literature for green flowering plants, the S-alleles have very 
similar structures. These all contain conserved regions and HV 
regions that containing a single intron (Castillo et al., 2001). The 
HV region is the functional domain of the S-RNase that 
recognizes pollen ligands and the polymorphic S-RNase 
recognition sites. Different S-RNases have one or more 
differences in amino acid sequence (Ishimizu et al., 1996; Zhang 
et al., 2001, 2002). Although the complete sequences of 
S-RNases vary in length, the HV region cDNA sequences are all 
within the range of 194 bp and 200 bp. Accordingly, designing 
microarray probes based on the HV region not only ensures 
probe specificity, but also makes the probe lengths uniform in 
size, and the hybridization conditions are relatively easy to be 
optimized with respect to hybridization temperature and time. 
After optimizing the hybridization conditions (to be reported in 
another article), the hybridization solution containing 50% 
formamide (hybridization solution IV from Sangon Co., 
Shanghai, China) was selected and mixed with an equal volume 
of the cDNA-specific PCR products from pear cultivars and 
sterile water, and the hybridization was conducted at 42 ℃ for 
8–10 h. Under these conditions, the S-RNases cDNA microarray 
had a high signal-to-noise ratio and a low false positive rate. 
The hybridization signals of the array probes were identical to 
the signals of the S-RNase oligonucleotide microarray across a 
broad range of hybridization intensities (Li et al., 2002). 
However, due to the longer length of the cDNA probes 
compared to the 32 bp oligonucleotide probes, the cDNA 
microarray required a longer hybridization time than that of the 
S-RNases oligonucleotide microarray. The remaining goals are 
to further optimize the hybridization system, shorten 
hybridization time, and improve the overall efficiency of the 
S-gene cDNA microarray system.  
Signal inconsistencies between the two microarrays for 
cultivars Xingshan 18 and Xinghua Dayinli were observed; both 
showed clear hybridization signals on the cDNA microarray, but 
no signals on the oligonucleotide microarray. There are two 
possible causes for these observations: (1) The S-RNase 
polymorphisms in these pear cultivars occur within the HV 
region intron that correspond to the oligonucleotide probe, as 
observed in P. pyrifolia S18, S39a, and S13a, S48a in Xingshan 18 
and Xinghua Dayinli, respectively; (2) The designed oligonucle- 
otide nucleotide probe overlaps with the exon-intron boundary 
of the HV region in the S-RNase, and the polymorphism occurs 
within the intron. After hybridization between the microarrays 
and the PCR products from different cultivars, probes can be 
more easily washed off when the probe is only fully hybridized 
to the exonic sequences, resulting in weak or no hybridization 
signals. However, under the same conditions, the cDNA 
sequences of the HV regions without introns were stable and 
resulted in superior hybridization signals from the cDNA 
microarray. This is a major advantage of the cDNA microarray 
relative to the oligonucleotide microarray (Jiang et al., 2014). 
On the other hand, when polymorphisms occur within introns, 
the hybridization signals from cDNA microarray would be 
easily misjudged if there is no hybridization signal from 
oligonucleotide microarray as a comparison. The genotypes of 
Xingshan 18 and Xinghua Dayinli would have been incorrectly 
identified as S18S39, and S13S48, respectively. This is the 
limitation of using a cDNA microarray to detect S-genotypes. 
The parallel detection of pear S-genotypes using two techno- 
logies, cDNA microarrays, and oligonucleotide microarrays can 
ameliorate the deficiencies of using either array by itself. The 
best approach for detecting S-genotypes of pear cultivars is to 
use both platforms. 
However, both of these platforms can only detect known 
S-RNases. Novel or undocumented S-RNases can only be 
inferred from microarray hybridization signals. In the present 
study, the single S-RNase identified in specific pear cultivars, 
including S17SX in Xingshan 17, S37SX in Xingshan 21, S16SX in 
Hanyuan Xuehuali, S52SX in Xingshan 32, S29SX in Luotian 
Duanbingli, S4SX in Baixue, and S3SX in Longtuanli, might be 
either homozygous or these cultivars could contain yet 
undiscovered S-alleles. Restriction enzyme digestion and DNA 
sequencing methods were applied to identify novel S-alleles. 
For the pear cultivars with inconsistent signals or absent 
hybridization signals such as Xingshan 28 (SXSX), Xingshan 40 
(SXSX), Xingshan 18, and Xinghua Dayinli, the PF/R-specific 
fragments should be recovered and purified, followed by TA 
cloning, DNA sequencing, and sequence analysis to directly 
identify the S-genotypes of these pear cultivars. In future studies, 
microarrays and hybridization conditions should be conti- 
nuously optimized based on studies, and new probes should also
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be designed based on recently identified S-alleles sequences. 
Thus, microarray structure and content should be continuously 
improved.  
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